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摘  要 




行长时间观测是获取高时间分辨率 TA 数据的最佳手段。目前有关 TA 测定仪器
尤其是原位测定仪器的报道较少。本论文在原有的原位总碱度测定仪 (In Situ 
Analyzer for Total Alkalinity，ISA-TA) 的基础上对其进行改进，并在实验室和室
外水池中对其进行性能测试。主要的研究内容和结果如下： 
1、在课题组原有 ISA-TA 的基础上，采取在流路中串联在线 CO2去除器、
增加海水泵泵管的壁厚、更换试剂泵、优化实验参数和采用单点校正方法等措施，
提高了 ISA-TA 的性能。 
2、实验室测试结果表明，改进后仪器性能得到改善，主要体现在：(1) 工
作曲线的线性得到明显提高；(2) 试剂泵由脉冲泵改为蠕动泵后，ISA-TA 的精
密度由±0.62 µmol/kg (n=35) 提升为±0.35 µmol/kg (n=35)；(3) 采用单点校正法进
行校正后，仪器的测定误差为-3.58~3.49 µmol/kg，在一周内未见明显的漂移，大
大提高准确度。 
3、为期 12 d 的室外水池实验中，用 ISA-TA 测定标准海水，仪器测定得的
TA 值与标准 TA 值之间的符合程度为 (-1.30±2.20) μmol/kg (n=12)。用 ISA-TA
测得的水池海水的 TA 值与人工采样后用标准方法测得的 TA 值之间的符合程度


































Total Alkalinity (TA) is one of the four key parameters of the seawater carbonate 
system. TA data of high spatial and temporal resolution is important for the researches 
of the oceanic carbon cycle and ocean acidification, and the characterizations of 
physical, chemical and biological processes in the ocean. At present, the seawater TA 
data are mainly obtained by measuring discrete samples; these data can not meet the 
requirements of the marine science research due to the low spatial and temporal 
resolution. Using in situ instrument, which is able to carry out long-term time-series 
observation, is the best way to obtain TA data of high temporal resolution. However, 
the reports about in situ instrument for TA measurement are very few. In this study, 
we improved our previously developed in situ analyzer for total alkalinity (ISA-TA), 
and tested its performance in the laboratory and outdoor tank. The obtained results are 
as follows: 
(1) The ISA-TA was modified by connecting online CO2 remover in the flow-path, 
increasing the thickness of the seawater pump tubing, replacing the reagent pump, 
optimizing the experimental conditions and using single-point calibration method to 
improve its performance.  
(2) The improvements of the modified ISA-TA found in the laboratory tests are as 
follows: the linearity of calibration curves was significantly improved; the precision 
was increased from ±0.62 µmol/kg (n=35) to ±0.35 µmol/kg (n=35) after replacing 
the reagent pump (solenoid pump) with peristaltic pump; the measurement error was 
-3.58~3.49 µmol/kg when a single-point calibration was carried out. 
(3) During the 12-day test in outdoor tank, the modified ISA-TA was used to 
measure a seawater standard sample, the agreement between the obtained TA values 
and the certified TA values of the standard sample was (-1.30±2.20) μmol/kg (n=12). 
The agreement between TA values of seawater in the tank measured with ISA-TA and 
those of the collected samples measured with standard method was (11.15±7.40) 
















Key words: seawater total alkalinity; spectrophotometric pH measurement; 














第 1 章 绪论 
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2 2CO (g) CO (aq)  
+ -
2 2 3CO (aq) + H O H + HCO  
- + 2-
3 3HCO H + CO  
2+ 2-
3 3Ca CO CaCO (s)   
表征海洋碳酸盐体系的四大参数分别是 pH、二氧化碳分压/逸度 (the Partial 
Pressure of CO2/the Fugacity of CO2，pCO2/fCO2)、总碱度 (Total Alkalinity，TA) 和



















Dickson 于 1981 年对海水 TA 进行定义，即：与每千克海水样品中质子受体
超过质子给体的量相当的氢离子的摩尔数[11]。质子给体是指在零离子强度和 25 ℃
条件下解离常数 K>10-4.5的组分；质子受体是指在零离子强度和 25 ℃条件下解
离常数 K≤10-4.5的组分。根据上述定义，海水样品的 TA 可由下式来表示： 
- 2- - - 2- 3-
3 3 4 4 4
- - + -
3 4 3 F 4 3 4
TA = [HCO ]+ 2[CO ]+[B(OH) ]+[OH ]+[HPO ]+ 2[PO ]
+[H SiO ] +[NH ]+[HS ]+ -[H ] -[HSO ]-[HF]-[H PO ]-











副热带环流控制下的表层海水的 TA 是一个常数[14]；TA 数据可用于示踪海冰的
形成，海水结冰时，是其中的水由液态凝结为固态冰，而在此过程中盐分被排挤



































中，用以标准物质 (Certificated Reference Material，CRM) 标定好的 HCl 溶液进
行多次滴定，用 pH 电极或分光光度计监测滴定过程中样品和 HCl 混合溶液的
pH 值。用 Gran 作图法或最小二乘法处理滴定曲线，求得等当点。最后由到达等
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